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Experts see SiGe holding
its own
For the next in our interview series, attention
is focused on that complementary semicon-
ductor alloy, SiGe, although some might say
that silicon is more ‘competitive’. Here are
the viewpoints of some of the leaders in the
field, namely, Dr Teddy O’Connell of IBM and
Marco Racanelli, PhD, vice president, 
engineering of Jazz Semiconductor. 
S
iGe is never out of the news these days
and by a timely coincidence came the
announcement many were waiting for - a
decision as to the fate of ATMI’s silicon epitaxial
business.The importance of this derives from its
leadership position in the business of merchant
epiwafers based on SiGe and related materials.
A mix of technologies is available to the designer
with more variations expected.This mix includes
silicon technologies such as pseudomorphic
SiGe for HBT structures, strained Si for CMOS,
and compound semiconductor materials.The lat-
ter includes not only ‘mature’ materials such as
GaAs and InP, but in due course SiC and GaN.
Many present applications find solutions combin-
ing two or more of these technologies in a chip-
set. Ultimately such ‘hybrid’ approaches will
mature into fully monolithic structures where
SiGe HBTs in Si BiCMOS devices will likely dis-
place the need for compound semiconductors in
all but the most extreme applications.The moti-
vations for such monolithic structures are, obvi-
ously, reduced cost and increased functionality.
TFR: Perhaps we could begin with where you see
the main role for SiGe as a commercial device
technology. The bulk of the product launches
these days are amplifiers for telecom and data-
com applications with behind the scenes consid-
erable direct-to-OEM work on a custom basis for
handsets, etc.
MR: SiGe BiCMOS is becoming more predomi-
nant as circuit designers are beginning to grasp
the concept that it is a highly integrated CMOS
technology and that the SiGe module is a per-
formance adder, not a revolutionary technology.
SiGe BiCMOS is being used in lieu of RFCMOS
for many wireless applications, primarily trans-
mit, receive, transceiver, and power management
or power control in handsets.Also SiGe BiCMOS
is used in wireline applications for TIAs, PAs,
CDRs, EAs, Line Drivers, Laser Drivers in SONET,
GbE, and Fibre Channel applications at a wide
range of data rates. In consumer applications
SiGe BiCMOS is taking hold for satellite, cable
and TV tuners, as well as continuing to make
gains as a solution for wireless broadband use.
Relative to III-V compounds, SiGe BiCMOS is
making the most headway in the power amplifi-
er arena for wireless LAN and cellular.
Integration must be pursued and in order to
find a platform technology that will support
transceiver integration with the PA, SiGe
BiCMOS is the most likely winner and leading
transceiver and PA companies are looking at
alternatives that can leverage the high volume
pricing structure and expanding capacity asso-
ciated with digital CMOS. Since digital CMOS is
the baseline upon which SiGe BiCMOS is built,
SiGe BiCMOS becomes the most viable candi-
date, since it leverages CMOS infrastructure and
meets the performance requirements for inte-
grated transceiver plus power amplifiers.
TO’C:To determine where SiGe technology is
finding applications you should consider the key
benefits of this semiconductor technology.These
are I think, as follows. Firstly, SPEED - in other
words the injection of germanium technology
into the transistor base increases the Ft and Fmax
of the devices considerably. So SiGe technology
is going to be used in applications where higher
speeds/frequencies are required, such as automo-
tive radar at 77GHz, optoelectronics
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amplifiers/components, RF transceivers
for higher frequency 5GHz 802.11a
WLANs etc. Here IBM recently announ-
ced SiGe HBTs with a Ft of 350GHz.
Secondly I would say is HIGH LINEARI-
TY because SiGe exhibits very high lin-
earity, particularly at a low power con-
sumption. Modern commercial wireless
and wired protocols utilise more com-
plex modulation schemes to enhance the
data throughput.This results in higher
linearity requirements for radio trans-
ceivers and PAs.Typical applications
requiring higher linearity are next-gen
3G cellular transceivers, storage pream-
plifiers, test and instrumentation devices.
In third place you must consider LOWER
POWER CONSUMPTION.As I said, SiGe
can operate at very high speeds but most
commercial wireless applications are only
in the 2-6GHz range, so excess speed can
be traded for lower power consumption.
So typical applications are portable wire-
less devices where power consumption is
critical.As an example of a good applica-
tion for SiGe technology, next-gen 3G cel-
lular transceivers, where the more com-
plex modulation schemes I mentioned
dictate circuit architectures with higher
current consumption. For analog circuit
architectures, linearity/power consump-
tion is usually a trade off and SiGe offers
the ability to perform well in both areas.
Other applications with low power
requirements where SiGe is being used
extensively include GPS receivers, UWB,
802.11a/b WLANs, Zigbee transceivers etc.
We must also mention that because SiGe
BiCMOS allows you the ability to inte-
grate CMOS logic on-chip, it will find
applications in radio transceivers where
some on-chip logic is required, which
just about includes all of the aforemen-
tioned applications.
Finally, IBM SiGe technologies incorpo-
rate high quality passive devices.These
are made possible by features such as
dual metal  enabling higher Q inductors.
Overall I think SiGe will find application
in commercial applications where desig-
ners wish to integrate as much function-
ality as possible onto a single chip.
TFR: What are the key areas for future
commercial development?
TO’C: One area in particular is PAs for
next generation cellular handsets. Due to
the challenges outlined above (i.e. trade
off between linearity and power con-
sumption) early 3G handsets have rela-
tively short talk/standby times. Much
development work is being done to
decrease the power consumption of next
generation PAs (which consume the
majority of power in the handset) and
techniques such as Smart Bias Control
etc, are currently being implemented.
Because SiGe (being a BiCMOS technolo-
gy) will allow the CMOS based logic to
be integrated onto the same chip as the
analog PA (reducing chip size and cost) I
believe it will become a major technolo-
gy for next generation PAs.
Plus, as companies are developing RF
transceivers for multimode applications
(e.g. 802.11a/b/g, cellular/802.11,
802.11/Bluetooth etc) SiGe will enable
higher performance and better isolation
for these multimode architectures.
TFR: We have a special interest in SiGe
vs compounds - will this be competition
in the areas where there is overlap and
GaAs, seeing a shrinking market, be
reduced to a handful of niches? Already
we are seeing GaAs chip producers diver-
sifying and one reason for this is to
improve the margins, seeing as GaAs is
still expensive relative to SiGe.
TO’C: Certainly GaAs is a technology that
has very good performance in multiple
applications, but I believe that SiGe has
much broader applications (e.g. ability to
combine analog/digital on one chip). In
addition since the SiGe manufacturing
process is based on 200mm based CMOS
(SiGe simply requires additional masks
for the bipolar transistor) then this tech-
nology excels in lower chip cost and
higher yields, as compared to GaAs.
TFR: While some may see the high pro-
file duel as between GaAs and SiGe pro-
mising results  reported for RFCMOS
mean  SiGe itself may be squeezed out of
some of its recently acquired market
areas. The likes of single-chip Bluetooth
and GPS volume applications have
brought on the technology and time-to-
market down considerably for RFCMOS.
TO’C: Certainly the advances in RF
CMOS technology in recent years have
been very exciting and RF CMOS is now
being utilised for numerous wireless
applications such as Bluetooth, 802.11b
WLAN, GSM cellular transceivers. (IBM
provides both SiGe and RF CMOS tech-
nologies as part of its foundry offerings).
However, I doubt that SiGe will be
“squeezed out.” Some applications which
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are purely cost driven (and performance
is secondary) will favour RF CMOS, while
applications that require higher perform-
ance or lower power consumption will
favour SiGe. In general, designs that have
a large amount of digital logic (such as
wireless SOCs) will migrate to RF CMOS
and leverage the size/power benefits of
the latest CMOS technology nodes. Stand
alone analog designs may migrate to SiGe
as the lower CMOS density will suffice.
Finally, the question of cost is somewhat
complicated. Certainly RF CMOS wafers
are cheaper than SiGe (at the same tech-
nology node), but the cost per chip may
not be so because (a) RF CMOS technol-
ogy may require an architecture that
results in a larger chip size, and (b) to
achieve the same performance/power
consumption as SiGe, the RF CMOS
designs may need to be developed on a
lithography node that is smaller than
what could be leveraged with SiGe,
(thereby increasing the cost of the RF
CMOS design), and (c) in general, the
SiGe device models are better, which
may result in fewer design spins, thereby
reducing time to market.
MR: RFCMOS has a place in the realisation
of less demanding wireless transceivers
such as Bluetooth and GPS, but it is not
likely to dominate the high performance,
multi-mode, wireless transceiver cellular
market without significant architecture
and design innovation.Technology migra-
tion alone, without architecture and
design innovation, is not likely to improve
RFCMOS competitiveness as voltage levels
scale with each new generation of CMOS
making wireless transceivers difficult to
realise in 90nm technology and beyond.
New architectures are being considered
and this may make RFCMOS more com-
petitive in the future, but the wireless
transceiver is also becoming more com-
plex as it is likely that currently separate
GPS,WLAN, cellular transceivers, and PAs
will slowly integrate. So the target is a
moving one and it will remain to be seen
if RFCMOS is able to catch it or predomi-
nantly remain the RF technology of the
future serving a few niche applications of
today. Jazz offers both RFCMOS and SiGe
BiCMOS solution, and ultimately the cus-
tomer will decide which technology best
suits their needs, however, we are able to
accommodate our customer’s decision in
either case.
TFR: But how much headroom is there
with this technology? It is fine for
2.4GHz but above that the power/fre-
quency/linearity etc characteristics will
favour SiGe (or GaAs?) perhaps.
TO’C: In general since RF CMOS does not
have the HBT transistor it does not per-
form as well as SiGe (particularly in areas
such as Ft, Noise Figure, IIP2 (one meas-
ure of linearity, matching etc) and to date
this technology has found application at
lower frequencies and in less demanding
protocols.The vast majority of applica-
tions (to date) for RF CMOS are at
2.4GHz and below.
As the industry is rapidly moving
towards 90nm SOC RF CMOS applica-
tions it remains to be seen whether the
technical challenges of implementing a
radio transceiver in lower voltage 90nm
technology is viable, particularly for the
more challenging protocols.
TFR: Automotive is the potentially lucra-
tive new volume business for GaAs.
Leveraging technologies developed for
consumers such as cellphones may not
be so straightforward however.  Non-
technical issues aside, SiGe may move
into the driving seat or it might be  the
‘cheapest’ technology is  going to be RF-
CMOS?
MR: SiGe is perfectly positioned to take
advantage of automotive applications in
collision avoidance, where frequencies
are significantly higher than in cell
phones and, therefore, RF CMOS is less
competitive. It is likely that for many of
these high frequency applications, initial
prototypes will be made in III-Vs but as
a volume market develops, these will be
migrated to SiGe BiCMOS as has hap-
pened in the fibre optics world.Already
there are a number of circuit demonstra-
tions for building blocks of these sys-
tems in SiGe BiCMOS in the 24-70GHz
range.
TO’C: Certainly automotive radar/sensors
(at 24- and 77-GHz) is an emerging area
for GaAs and SiGe. In general SiGe offers
comparable performance, while exhibit-
ing lower cost. It is unlikely that RFC-
MOS will have the ability to find applica-
tion here in the near future, due to the
performance and speed limitations.
TFR: A question for materialists now.
Epitaxy played a key role in bringing on
SiGe. What is its future and where are
the promising lines of development and
refinement for delivering both perform-
ance and cost-effective production?
TO’C:Today much development is being
done in using SiGe epitaxial layers
grown on base silicon technology to
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introduce ‘strained silicon’, which
allows increased electron mobility (ie.
speed) without the need for scaling.
IBM is already utilising this technology
in its 90nm CMOS technology.The obvi-
ous benefits are performance and speed
enhancement of silicon without the
need for scaling, which has huge chal-
lenges in terms of cost and production.
Today Strained Silicon processes have
been produced using industry standard
low pressure Si epitaxy systems.
MR: Single-wafer (RTCVD) epitaxy tools
have enabled cost effective deployment
of SiGe BiCMOS in fabs, given their small-
er footprint and lower cost of ownership
relative to their batch (UHV/CVD) coun-
terparts.With high sustained volumes,
batch reactors can match the cost of
ownership of single-wafer reactors but
their lack of flexibility (inability to effec-
tively serve Si epi or poly deposition
needs) is likely to continue to relegate
them to only a few fabs. Looking for-
ward, it is expected that continued
refinement of the RTCVD single-wafer
technique will both help deliver higher
performance and reduce costs. More
effective cleaning techniques for exam-
ple can help do both by enabling faster
cycle time and reducing thermal budget,
important in the integration of SiGe in
aggressive CMOS nodes (i.e. 90nm and
beyond). Looking further in the future,
the single-wafer RTCVD technique can
easily scale to larger wafer sizes which
will someday provide an economic
advantage for SiGe, as they are beginning
to do today for CMOS.
TFR: To end with here is a question for
the researchers and crystal ball gazers.
SiGe has triumphed in microelectronics
so will it be able to move outside this
large niche and help realise optoelec-
tronics and the like? Of course the indus-
try is wishing for a revival in the fibre
networks domain and maybe here SiGe
can see success in the transceiver seg-
ment. Longer term, how long will SiGe
lasers, LEDs, detectors and solar cells be
research curiosities?
TO’C: Certainly SiGe is finding 
application is segments such as optical
components such as transceivers and
driver amplifiers.This industry sector
has suffered a significant drop in recent
years, but today seems to be making
somewhat of a comeback.Today the
majority of IBM’s customers are using
SiGe for applications such as: cellular
transceivers, cellular PAs, optoelectron-
ics components and transceivers, GPS
receivers, storage preamps, UWB trans-
ceivers, and test and instrumentation.
As a general trend SiGe costs are
decreasing and it is no longer an expen-
sive niche application. Rather, it has
become a mainstream semiconductor
option that is undergoing significant
growth in commercial wireless and
wired applications.
MR: It is very likely that SiGe will be
used in the future to help integrate
optical devices on Si-based microelec-
tronic components.This is likely to be
the case particularly for detectors (for
fibre optic and IR applications.) SiGe
lasers are less likely to be integrated, as
their efficiency is not likely to match
III-V implementations without further
invention.
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Dr. Teddy O’Connell
Teddy O’Connell is currently the senior Marketing Manager for
RF/Mixed Signal Foundry offerings at IBM Technology Group. He
is based in Westford, MA, USA (tel: +1 978 399 7135, email: tocon-
nel@us.ibm.com) and has been employed by IBM since May 1999.
Teddy’s key responsibility is management of new business devel-
opment for IBM’s SiGe and RF CMOS foundry offerings.
Dr O’Connell has over 12 years experience in the wireless communications
industry, and holds a BSEE (Honours), an MSEE and PhD in RF/wireless Design
from the National University of Ireland, and a Certificate in Executive
Business management from Sloan School, MIT.
IBM Microelectronics offers a range of leading-edge and industry-standard
CMOS, RF CMOS, and SiGe BiCMOS process technologies ranging in transistor
size from 0.5-µm to 90-nm.
Dr. Marco Racanelli
Dr Racanelli joined Rockwell Semiconductor Systems in 1996
and held several posts of increasing responsibility in the area
of technology development with Rockwell, Conexant and Jazz
Semiconductor, leading to his current role as VP Engineering.
In these positions, Dr. Racanelli helped establish industry lead-
ership in SiGe and BiCMOS technology and build a strong
design support organisation. Prior to joining Rockwell, he worked at Motorola
where he contributed to bipolar, SiGe and SOI developments for Motorola’s
Semiconductor products sector. Dr. Racanelli holds a number of patents and has
authored or co-authored over 40 technical publications.
Dr Racanelli received his PhD and MS degrees in Electrical and Computer
Engineering from Carnegie Mellon University and his BS degree in Electrical
Engineering from Lehigh University.
Jazz Semiconductor is an independent wafer foundry focused primarily on spe-
cialty process technologies for the manufacture of analog and mixed-signal semi-
conductor devices. It is a leader in SiGe bipolar CMOS, or SiGe BiCMOS and RF
CMOS. Jazz currently provides cost-effective manufacturing capacity to cus-
tomers from multiple wafer fabrication facilities in the United States and Asia.
